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Objectives We sought to evaluate the association between physical activity levels and the clinical outcome at presentation,
as well as the 30-day prognosis of hospitalized patients with acute coronary syndromes (ACS).
Background Regular physical activity has been associated with decreased risk of coronary heart disease. However, less is
known about the effects of life-long physical activity on ACS prognosis.
Methods From October 2003 to September 2004, a sample of 6 hospitals located in urban and rural Greek regions
were selected, and almost all of their ACS patients were enrolled into the study (2,172 patients were in-
cluded in the study; 76% men and 24% women). Logistic regression models were applied to evaluate the
effect of physical activity status (as assessed using the International Physical Activity Questionnaire) on in-
hospital mortality and the 30-day outcome of cardiovascular events (death or rehospitalization due to car-
diovascular disease).
Results An inverse association was observed between the level of physical activity and troponin I levels at presentation
(p  0.01). Moreover, after taking into account various potential confounders, physical activity was associated
with a 0.56-fold (95% confidence interval [CI] 0.32 to 0.90) lower odds of in-hospital mortality and a 0.80-fold
(95% CI 0.50 to 0.99) lower odds of cardiovascular events within the first month after discharge.
Conclusion In conclusion, physical activity is associated with a reduced severity of ACS, reduced in-hospital mortality rates,
and improved short-term prognosis. (J Am Coll Cardiol 2008;51:2034–9) © 2008 by the American College of
Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2008.01.053p
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Tschemic heart disease and cerebrovascular diseases are the
eading causes of death worldwide (1). Regular physical
ctivity has been associated with a decreased risk of coronary
eart disease (CHD) (2–5) as well as decreased overall
ortality (6). Regarding the type of exercise that is most
otent in reducing the risk of CHD, most cohort studies
ave revealed that total energy expended in physical activity
s the most significant predictor of reduced risk (3–5), and
ome studies indicate that exercise intensity may be of
ignificant value, irrespective of the duration of the activity (2).
The mechanisms by which physical activity confers car-
ioprotective effects are not well understood. In animal
odels, endurance exercise has been found to provide
rom the *First Cardiology Clinic, School of Medicine, University of Athens, Athens,
reece; and the †Department of Dietetics-Nutrition, Harokopio University, Athens,
reece.l
Manuscript received November 9, 2007; revised manuscript received January 23,
008, accepted January 27, 2008.rotection against ischemia-reperfusion injury, possibly
hrough improved myocardial antioxidant capacity (7,8),
revention of ischemia induced apoptosis via attenuation of
alpain activation (9,10), and reduction in Ca2-handling
roteins degradation (9). In humans, myocardial ischemia
re-conditioning, induced by repeated bouts of exercise, has
een shown to induce a decrease in mean maximal ST-
egment depression and ischemia duration on subsequent
xercise (11).
Acute coronary syndromes (ACS) are characterized by a
igh case fatality, and a large proportion of survivors depend
n nursing and clinical care. The immediate time following
ospital discharge may be critical for long-term prognosis.
or example, among survivors from acute myocardial infarc-
ion (MI), stroke or transient ischemic attack is more likely
o happen during the first month after hospitalization (12).
o our knowledge, no reports have examined long-termifestyle factors, such as physical activity, on the prognosis of
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May 27, 2008:2034–9 ACS and Physical ActivityCS. Additionally, the existing data on the relationship
etween physical activity and overall cardiovascular disease
CVD) have failed to provide a quantitative relationship
etween the severity of these diseases and physical activity
tatus.
The aim of the present study was to examine the actual
ffects of lifetime physical activity in the incidence and the
everity of acute ischemic syndromes, using biochemical
arkers (cardiac troponin I release and MB fraction of total
reatine phosphokinase [CK-MB]) as indexes of myocardial
ecrosis. We also evaluated whether a physically active
ifestyle might affect short-term prognosis (i.e., 30-day
ecurrent events).
ethods
opulation of the study. From October 2003 to Septem-
er 2004 almost all consecutive patients (n  2,172) with a
iagnosis of ACS (acute MI or unstable angina [UA]) that
ere hospitalized in the cardiology clinics or the emergency
nits of 6 major general hospitals in Greece were enrolled
nto the study. Of these patients, 1,649 (76%) were men and
23 (24%) were women. With the exception of Athens—
here there are several other hospitals—the other hospitals
over the whole population of their regions, including urban
nd rural areas. The participation rate was 98%. A posteriori
ower analysis showed that the number of enrolled partic-
pants was adequate to evaluate 2-sided differences between
atient groups, as defined by the discharge diagnosis, and
he investigated parameters 20% (5%), achieving statis-
ical power 80% at 5% probability level (p value).
At entry, as well as during hospitalization (at 6 to 9 h and
gain at 12 to 24 h if earlier samples were negative and the
linical index of suspicion was high), measurements of
roponin I and CK-MB were obtained from all patients to
etect evidence of myocardial cell death. In addition, a
2-lead electrocardiogram was performed and clinical
ymptoms were evaluated in all patients by a cardiologist of
he study. Acute MI was defined by at least 2 of the
ollowing features (13): 1) electrocardiographic changes
ndicative of ischemia (ST-segment elevation or depres-
ion); 2) compatible clinical symptoms; and 3) specific
iagnostic biomarker elevations (troponin I0.4 ng/ml and
K-MB 8.8 ng/ml). Unstable angina was defined by the
ccurrence of 1 or more angina episodes, at rest, within the
receding 48 h, corresponding to class III of the Braunwald
lassification (14). All hospitalized patients received the
ptimal therapy according to their clinical status.
This study was approved by the Medical Research Ethics
ommittee of our Institution and was carried out in
ccordance with the Declaration of Helsinki (1989).
With the exception of 15 patients who died during the
rst 24 h of their admission, detailed information was
ecorded from all other patients using standard procedures
resented in the following text. bhysical activity ascertainment.
e used a translated version of the
alidated “International Physical
ctivity Questionnaire” (IPAQ),
uitable for assessing population
evels of self-reported physical
ctivity (15). The short version of
PAQ (9 items) that we used
rovided information on weekly
ime spent walking, in vigorous
nd moderate intensity, and in
edentary activity. Participants
ere instructed to refer to all
omains of physical activity.
oth continuous and categoric
ndicators were assessed from
PAQ. The continuous indicator
as expressed as metabolic
quivalent of the task (MET)-
inutes per week derived from
alking and vigorous- and
oderate-intensity activities, and
he categoric analysis grouped the subjects in the following
levels that were developed based on a key concept in
urrent public health guidelines for physical activity (16):
nactive, minimally active, and health enhancing physical
ctivity (HEPA) active, a highly active category, as previ-
usly described (17). Participants were instructed to report
nly episodes of activities of at least 10 min, because this is
he minimum required to achieve health benefit (16). Values
elow 10 were recorded to 0. The majority of the partici-
ants (85%) reported that they had the same habits during
he last 5 years.
ociodemographic, clinical, and biochemical character-
stics. A detailed medical history was recorded, including
revious hospitalization for CVD (i.e. CHD, stroke, or
ther CVD) and presence and treatment of hypertension,
ypercholesterolemia, renal failure, and diabetes. Sociode-
ographic characteristics included age, gender, and years of
chool. Usual dietary intake over the year preceding enroll-
ent was assessed by a semiquantitative food frequency
uestionnaire, including several foods and beverages com-
only consumed in Greece. We asked all participants to
eport the daily or weekly average intake of several food
tems that they consumed (during the last year). The
requency of consumption was quantified approximately in
erms of the number of times a month this food was
onsumed. The level of adherence to the Mediterranean diet
as assessed through a special diet score (18) which incor-
orates the inherent characteristics of this dietary pattern.
igher values of this score indicate better adherence to this
raditional diet. Current smokers were defined as those who
moked at least 1 cigarette per day or had stopped cigarette
moking during the past 12 months. Former smokers were
efined as those who had stopped smoking more than 1 year
Abbreviations
and Acronyms
ACS  acute coronary
syndromes
BMI  body mass index
CHD  coronary heart
disease
CI  confidence interval
CK-MB  MB fraction of
total creatine
phosphokinase
CVD  cardiovascular
disease
HEPA  health-enhancing
physical activity
IPAQ  International
Physical Activity
Questionnaire
MI  myocardial infarction
UA  unstable anginaefore. The rest were defined as never smokers or rare
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ACS and Physical Activity May 27, 2008:2034–9mokers. Height and weight were measured to the nearest
.5 cm and 100 g, respectively. Body mass index (BMI) was
hen calculated as weight (in kg) divided by height (in m)
quared.
tatistical analysis. Continuous variables are presented as
ean values (SD), and categoric variables are presented as
bsolute and relative (%) frequencies. Associations between
ontinuous variables and group of patients by discharge
iagnosis were evaluated through analysis of variance, after
ontrolling for normality and equality of variances (ho-
oscedacity). Because of multiple comparisons, the Bon-
erroni rule was applied to correct for the inflation of type I
rror. Associations between categoric variables and group of
atients by discharge diagnosis were tested by the use of the
hi-square test, without the correction of continuity. Cor-
elations between continuous variables were evaluated by the
se of the Pearson correlation coefficient for the normally
istributed, and by the use of the Spearman rho coefficient
or the ordinal or skewed variables. The association between
hysical activity and: 1) the presence of acute MI compared
ith unstable angina; 2) in-hospital mortality; and 3) 30-day
utcome (death or rehospitalization due to CVD) was
valuated by multiple logistic regression analysis, after
ontrolling for sociodemographic, clinical, and biochemical
haracteristics of the patients. Appropriate tests for
oodness-of-fit (i.e., deviance residuals) were applied in all
odels. Confounding was tested by entering and removing
ach variable from the model and evaluating its effect (using
he Wald test) on the point-estimate (i.e., odds ratio) of the
ain factor of interest (i.e., physical activity). First-order
nteractions between physical activity and various character-
stics of the patients were also evaluated in all models. A
ociodemographic, Lifestyle, and Clinical Characteristics of the Pa
Table 1 Sociodemographic, Lifestyle, and Clinical Characteristi
Inactive
(n  1,199)
Mean  SD or %
Age (yrs) 67 13
Male 69%
CK-MB at entry (ng/ml) 42 59
Troponin I at entry (ng/ml) 19 48
Prior coronary heart disease 44%
Hypertension 55%
Use of medication before hospitalization 77%
Hypercholesterolemia 46%
Use of medication before hospitalization 40%
Diabetes 35%
Use of medication before hospitalization 79%
Body mass index (kg/m2) 27.7 4.1
Years of school 7.3 4.0
Current smoking 28%
Mediterranean Diet Score (0–55) 28 7
Derived from the analysis of variance test for the normally distributed variables (age, body mass i
or the other categoric variables.
CK-MB  MB fraction of total creatine phosphokinase; HEPA  health-enhancing physical activity.robability value of 5% was considered to be statistically
ignificant. All statistical calculations were performed with
PSS version 12.0 software (SPSS Inc., Chicago, Illinois).
esults
rom October 2003 to September 2004, 2,172 patients with
ischarge diagnosis of ACS were enrolled into the study (1,649
en and 523 women). According to the discharge diagnosis,
64 patients (35%) were diagnosed as having UA, 699 patients
32%) as having non–Q-wave MI, and 709 patients (33%) as
aving Q-wave MI. Of the enrolled patients, 1,199 (55%) were
efined as physically inactive, 742 (34%) as minimally active,
nd 73 (3%) as HEPA active; 158 were not classified owing to
issing information. The various sociodemographic, lifestyle,
nd clinical characteristics of the patients by physical activity
tatus are presented in Table 1. More physically active patients
ere of younger age, male, less likely to have a history of CHD,
ypertension, or diabetes, and more educated and had better
ietary habits, but they were also more likely to be smokers.
oreover, physically active patients had lower troponin I
evels. No association was observed between electrocardio-
raphic findings at presentation and physical activity status
p  0.09).
The in-hospital mortality rate in those who had complete
hysical activity data was 3.2%. Crude analysis showed that
hysical activity status was inversely associated with the
n-hospital mortality: The death rates in physical inactive,
inimally active, and HEPA active were 4.2%, 2.0%, and
%, respectively (p  0.01). Age- and gender-adjusted
nalysis showed that physically active patients had as much
s 0.53-fold (95% confidence interval [CI] 0.30 to 0.93) less
by Physical Activity Status
the Patients by Physical Activity Status
Physical Activity Status
Minimally Active
(n  742)
HEPA
(n  73)
p Value*Mean  SD or % Mean  SD or %
64 12 60 12 0.001
84% 89% 0.001
38 45 38 79 0.14
11 38 6 44 0.01
40% 39% 0.02
50% 38% 0.002
79% 79% 0.43
48% 48% 0.72
45% 41% 0.56
29% 15% 0.001
77% 69% 0.35
27.3 3.9 27.2 3.6 0.08
8.5 4.5 8.2 4.3 0.001
36% 41% 0.001
29 7 29 7 0.05
ruskal-Wallis test for the skewed variables (CK-MB, troponin I, and diet score), and chi-square testtients
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May 27, 2008:2034–9 ACS and Physical Activityikelihood of dying during hospitalization compared with
hysically inactive patients.
During the first 30 days after hospitalization, precise
nformation about vital status or rehospitalization due to
HD problems were retrieved from 1,683 out of 2,172
atients (75%). The information was retrieved through
ersonal communication by the physicians of the study, the
atients, or their relatives. The number of CVD events
mong those who had complete information about their
hysical activity status was 147 (9.4%), and 37 of those
vents were fatal. Of those who were physically inactive,
0.6% had an event during the first 30 days after hospital-
zation. Of those who were minimally and HEPA active,
.1% and 6.3%, respectively, had an event during follow-up
p  0.08). Age- and gender-adjusted analysis showed that
hysically active patients had 0.80-fold (95% CI 0.63 to
.19) less likelihood of having a recurrent event compared
ith physically inactive patients.
However, many factors may influence these relationships.
ultiadjusted data analysis revealed that minimal or HEPA
ctivity was associated with 0.56-fold (95% CI 0.32 to 0.90)
ower odds of in-hospital mortality compared with inactiv-
ty, after controlling for age, gender, previous history of
HD, presence of hypertension, diabetes, or hypercholes-
erolemia and respective medication, previous hospitaliza-
ion, smoking and dietary habits, body mass index, educa-
ion status, and clinical status (MI or UA) of the patients.
o significant interaction was observed between gender and
hysical activity status on the likelihood of dying during
ospitalization (p  0.73). Moreover, no differences were
bserved between physical activity status (i.e., minimally
ctive or HEPA active) on in-hospital mortality. We also
ound that physical activity was associated with a lower risk
f death or recurrent events. Particularly, minimally or
EPA active patients had 0.80-fold (95% CI 0.50 to 0.99)
ower odds of having cardiovascular events within the first
onth after discharge, compared with inactive patients,
fter controlling for age, gender, previous history of CHD,
resence of hypertension, diabetes, hypercholesterolemia,
nd respective medication, smoking and dietary habits, body
ass index, and discharge clinical status (MI or UA) of the
atients. As before, no significant interaction was observed
etween gender and physical activity status on the likelihood
f having an event during the 30-day follow-up period (p 
.39), and no significant differences were observed between
evels of physical activity status (i.e., minimally active or
EPA active) and the respective outcome. Furthermore,
tudy sites did not confound the results, because no signif-
cant interaction was observed between physical activity
tatus and region on the development of CVD events during
he first 30 days after an ACS (p 0.10). Table 2 illustrates
he association between several factors and the likelihood of
aving a CVD event (fatal or not) during the first days after
ospitalization. piscussion
hysically active lifestyle has been associated with various
ealth benefits and decreased risk of diseases, such as CVD.
n the present study of 2,172 patients with ACS we found
hat physical activity was negatively associated with the
everity of these syndromes. Furthermore, we found that
hysical activity was also associated with a reduction of
n-hospital mortality rates. It appears that a physically active
ifestyle may confer protection during the first month after
n ACS, in terms of both mortality and rehospitalization
ue to a recurrent event.
Several extended cohort studies (2–5) have revealed a
trong negative association between physical activity levels
nd the risk of CHD. The present study extends this
bservation by establishing a quantitative relationship be-
ween the severity of ACS, as well as its short-term
rognosis, and physical activity. Cardiac troponin and the
K-MB are considered to be sensitive biomarkers of
yocardial damage in the clinical setting of acute ischemia
13). In the present study, CK-MB at entry was not actually
ssociated with the physical activity status, whereas troponin
was found to be highly related to physical activity status.
he CK-MB level is a less specific marker of myocardial
amage than troponin I, which has nearly absolute tissue
pecificity as well as high sensitivity, thereby reflecting even
icroscopic zones of myocardial necrosis (13).
Although the cardioprotective effect of regular physical
ctivity is well established, the mechanism by which exercise
xerts its cardioprotective effects, especially regarding acute
yocardial syndromes, is not quite understood. Endurance
xercise training has been associated with a substantial
mprovement in myocardial contractile performance (7) and
nfarct size (19) during experimental ischemia-reperfusion
n animal models. Exercise may have the potential to act by
esults From Multiple Logistic Regression Analysishat Evaluated the Association Between Physicalctivi y St us and Cardiovas ular Events
Table 2
Results From Multiple Logistic Regression Analysis
That Evaluated the Association Between Physical
Activity Status and Cardiovascular Events
Odds Ratio 95% CI p Value
Physical activity status
Inactive (reference category) 1.00
Minimally active or HEPA 0.60 0.39–0.98 0.04
Age (per yr) 1.03 1.01–1.04 0.01
Male versus female 1.89 1.19–2.99 0.01
Body mass index (kg/m2) 1.01 0.98–1.05 0.55
Hypertension (yes vs. no) 0.90 0.69–1.18 0.46
Hypercholesterolemia (yes vs. no) 0.86 0.66–1.11 0.25
Diabetes (yes vs. no) 1.02 0.76–1.37 0.89
History of CHD (yes vs. no) 2.35 1.81–3.10 0.001
Smoking habits (yes vs. no) 1.47 1.11–1.93 0.01
Mediterranean Diet Score (per 5) 0.75 0.62–0.92 0.01
Years of school (per yr) 0.99 0.96–1.03 0.83
Acute MI versus UA 1.52 1.03–2.23 0.03
HD  coronary heart disease; CI  confidence interval; HEPA  health-enhancing physical
ctivity; MI  myocardial infarction; UA  unstable angina.re-conditioning the heart to ischemia, because exercise
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ACS and Physical Activity May 27, 2008:2034–9tself is a means of myocardial ischemia (11). Ischemic
re-conditioning has been found to exert its protective effect
n a 2-phased manner: the classic or early pre-conditioning
rotection that lasts for about 3 h after the exercise bout,
nd the late pre-conditioning, or “second window of pro-
ection,” that begins approximately a day later, may last up
o 72 h, and is possibly related to increased expression and
ynthesis of cytoprotective proteins, such as stress proteins
nd antioxidants (20). The short-lived early pre-conditioning
rotection cannot easily find any clinical application in ame-
iorating the degree of myocardial damage during an ACS, or
n designing primary and secondary prevention strategies,
ecause there is, as yet, no way to predict the occurrence of an
cute ischemic syndrome. However, the second window of
rotection may at least in part explain the reduced severity of
yocardial damage during an ACS that was evident in the
hysically active subjects of the present study. It is not
nown whether the cardioprotective effects of physical
ctivity status may have more lasting effects to favorably
mpact short-term prognosis during recovery from an ACS.
lternatively, the reduced severity of myocardial necrosis
bserved in the physically active individuals may be the
ain factor for a better prognosis at the recovery period. It
s logical to assume that revascularization therapies applied
uring the treatment of the episode may be more effective in
 less damaged myocardium, such as in the case of physically
ctive individuals. However, most of the ACS do not occur
t points of critical coronary narrowing and, therefore,
schemic pre-conditioning might be unlikely to occur with
xercise in the absence of critical lesion.
tudy limitations. Nevertheless, it should be pointed out
hat this is a cross-sectional study that cannot provide causal
elationships, but only state hypotheses for future research.
isreporting of physical activity status may confound, at
east in part, the strength of the observed relationships.
lthough we took into account dietary and smoking habits,
s well as many risk factors (i.e., BMI, hypertension,
iabetes, and hypercholesterolemia and use of respective
edications), the influence of their confounding effects
annot be entirely excluded. Moreover, another limitation is
he over-fitting of the multiadjusted statistical model (i.e.,
ncluding many variables); however, this was done to take
nto account as many confounders as possible. Interestingly,
he physically active individuals had a more positive profile
egarding the aforementioned parameters compared with
nactive subjects. Thus, the observed reduced severity of
CS and the better prognosis may be attributed to an
verall healthier lifestyle in the physically active group and
ot only to physical activity levels. Alternatively, physical
ctivity, in combination with other healthy lifestyle factors,
ay reduce infarct size and myocardial necrosis during an
CS, leading to a more favorable prognosis of the disease.
lthough habitual physical activity reduces the risk of
HDs, vigorous exercise can increase the risk of sudden
ardiac death in susceptible persons (21). For this reason
ome of the acute cardiac events that occurred duringigorous exercise may have been omitted because those
ubjects might have died before hospital presentation. How-
ver, in the present study we were not interested in the acute
ffect of vigorous exercise, but in the influence of habitual
hysical activity. Finally, the nonparticipation rate was 25%
mainly because of wrong contact information); however, no
ifferences were observed regarding physical activity status
etween those who were found and those who were not
ound on follow-up (p  0.09).
onclusions
he present study revealed that a rather simple, inexpensive
ifestyle modification, such as increased levels of physical
ctivity, may result in less severe ACS, with decreased
n-hospital mortality and a better short-term prognosis.
his may be of clinical relevance in the setting of
opulation-based primary and secondary prevention efforts.
n combination with the use of other possible cardioprotec-
ive methods, incorporating exercise into one’s way of life
ay be an effective approach for achieving supplementary
ardioprotection and reducing both morbidity and mortality
n the setting of naturally occurring ACS.
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